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Introduction

B7-1 expression on tumor cells leads to tumor rejection and anti-tumor immunity (1) and forms
the basis of several clinical immunotherapy trials. However, B7-1 expression is not as effective
in providing protection against poorly immunogenic tumors, such as breast cancer. It is not yet

known why B7-1 therapy cannot be applied to certain tumor systems.

One hypothesis is that through the production of immunosuppressive factors breast cancer cells
evade destruction by the immune system. We have shown that breast cancer cells produce high
amounts of immunosuppressive PGE,. PGE, exerts multiple effects on the immune system such
as cytokine release, lymphocyte proliferation and function. PGE, has been shown to inhibit
differentiation of lymphokine activated killer cells (LAK), suppression of natural killer cell (NK)
activity (2-4), and downregulation of a humoral response (5). Furthermore, PGE, has been
shown to inhibit T cell proliferation in lymphocyte cultures through the downregulation of MHC
class II expression on antigen presenting cells (6, 7) and through suppression of cytokine
production (8, 9). PGE, is produced by cyclooxygenase (COX) mediated oxidation of
arachidonic acid. COX, also known as Prostaglandin H synthase, exists in two isoforms, referred
to as COX-1 and COX-2. Both isoform are about 60 % homologous within species and all
amino acids responsible for the catalysis of PGE, are conserved in COX-1 and COX-2.
However, it has been suggested that COX-1 and COX-2 have different biological functions:
COX-1 which is constitutively expressed in most mammalian tissues possesses house-keeping
functions, like cytoprotection of the gastric mucosa (10), renal blood flow and regulation of
platelet aggregation (11). COX-1 was found to be overexpressed in 30 of 44 breast tumor tissues
compared to normal breast epithelium (12). In contrast, COX-2 is found in normal tissue only
after induction with pro-inflammatory or mitogenic stimuli (13, 14). Enhanced expression of
COX-2 has been reported in a few metastatic breast cancer cell lines (15) resulting in high levels
of PGE, production by these cells. Elevated PGE, levels have also been found in at least some
breast cancer cells (16, 17). However, the role of COX expression and PGE, production on anti-

tumor immune responses remains poorly understood.




In this study we investigated the involvement of breast cancer derived PGE, on B7-1 induced T
cell responses. We demonstrated that the inhibition of COX activity in B7-1 expressing MDA-
MB 231 cells reconstituted T cell proliferation. Furthermore, the overexpression of COX-1 on
B7-1 expressing breast epithelial cells and melanoma cells inhibited T cell responses. Our data
suggest that inhibition of COX may potentate B7-1 induced immune responses against breast
cancer, making a B7-1 immunotherapy a feasible application in breast cancer. Therefore, a

combination therapy of B7-1 transfer and COX inhibition should be considered.




Materials and Methods

Cell lines

The murine mammary carcinoma SCK cell line was provided by Dr. G. Rhee (University of
Maryland, MD) and cultured in RPMI medium (Gibco, Grand Island, NY) containing 10% FBS,
1% penicillin/streptomycin (Gibco, Grand Island, NY). MCF-7 cells, MDA-MB 231 cells and
the human normal breast epithelial cell line HBL-100 were obtained from the American Type
Culture Collection (Rockville, MD). MDA-MB 231 cells were cultured in 50% DMEM
medium, 50% F-12 medium supplemented with epidermal growth factor (Sigma, 20 ng/ml),
cholera toxin (Sigma, 0.1 pg/ml), insulin (2 pg/ml) and hydrocortisone (0.5 pg/ml). MCF-7 cells
were cultured in DMEM medium, 10% FBS and insulin (10 pg/ml) and HBL-100 cells grew in
McCoy’s 5a medium, 10% FBS. The growth medium of the murine K1735 melanoma cell line
(Dr. J. P. Allison, University of California Berkley, CA) was DMEM medium containing 10%
FBS and 1% penicillin/streptomycin (Gibco, Grand Island, NY). The human metastatic
melanoma cell line WM9 (gift from Dr. M. Herlyn, Wistar Institute, Philadelphia, PA) was
cultured in MCDB-153 medium (Sigma, St. Louis, MO) containing 20% L-15, 2% FBS (Gibco,
Grand Island, NY) and 0.01 mg/ml insulin (Sigma). All tumor cell lines used in this study did
not express cell surface B7-1 as determined by flow cytometry. The retrovirus packaging Bosc
cell line was provided by Dr. W. Kerr (University of Pennsylvania, PA) and cultured in DMEM
medium, 10% FBS, 1% P/S.

Construction of a retroviral vector expressing Cox-1 and stable expression of Cox-1 on
tumor cells

The human Cox-1 cDNA was excised from the Bluescript BShCox-1 KS + plasmid (Dr. G.
Fitzgerald, University of Pennsylvania) with BamHI and subcloned into BamHI site of the
retroviral vector pLXSP to create pLXSPCOX-1. The right orientation was confirmed by
restriction digests. Bosc packaging cells were transfected with pLXSPCOX-1 by the calcium
phosphate method. The retroviral supernatant was harvested 48 hours post transfection, filtered
through 0.45 pM filter, supplemented with polybrene (8 pg/ml) and was added to subconfluent
SCK cells, SCKmB?7 cells, K1735 cells and K1735mB7 cells. After 5 hours fresh medium was
added and cells were put under selection (puromycin 4 pg/ml) the next day. Every three days

fresh selection medium was added and single colonies of puromycin-resistant cells (SCKCOX-1




cells, SCKmB7mCOX-1 cells, K1735mCOX-1 and K1735mB7mCOX-1 cells) were expanded.

The cells that produced the highest levels of PGE, were used for tumorigenicity studies.

The effect of COX-1 on tumorigenicity

Untransduced K 1735 cells, K1735mB7, K1735mCOX-1 and K1735mB7mCOX-1 cells (1)(106
cells/mouse) were injected subcutaneously into the right flank of immunocompetent C3H mice.
Each group consisted of 8 mice. The animals were observed for tumor outgrowth every other
day and tumor sizes were monitored. As soon as a tumor reached a size of lcm in largest

diameter the mouse was euthanized.

Inhibition of COX activity

Untransduced and transduced MDA-MB 231 cells were cultured for 2 days in 60 mm culture
dishes in growth medium containing the Cox-2 specific inhibitor NS-398 (Cayman, Ann Arbor,
MI) or indomethacin (Sigma). NS-398 and indomethacin were dissolved in ethanol and diluted

in RPMI, 10% FBS to a final concentration of 100 uM or 0.5 mg/ml, respectively.

PGE, competitive enzyme-immunoassay (PGE,-EIA)
The concentration of PGE, in the CM from MDA-MB 231 cells or from the co-culture of T cells
and tumor cells was detected by a competitive enzyme linked immunoassay (EIA) kit (Cayman,

Ann Arbor, MI) following the manufacturer’s protocol.

Adenoviral transduction

Tumor cells and human breast epithelial HBL-100 cells (3x106 cells) were transduced in vitro
with an adenovirus expressing B7-1 (Ad.hB7-1), an adenovirus expressing the reporter gene -
galactosidase (Ad.lacZ), an adenovirus expressing COX-1 (AdCOX-1, Dr. G. Fitzgerald,
University of Pennsylvania) or an adenovirus without transgene (AdBgl2) in growth medium
containing 2% FBS. The next day, fresh growth medium was added and transgene expression
was assessed by flow cytometry three days after transduction. Generally, a multiplicity of

infection (MOI) of 100 plaque forming units (pfu) per cell was used unless indicated otherwise.




Flow cytometry

The expression of B7-1 before and after adenoviral transduction was detected using the BB-
1/B7-1 mAb (Becton-Dickinson, Sunnyvale, CA) followed by a fluorescein isothiocyanate
(FITC) labeled goat anti-mouse secondary antibody (Pharmingen, San Diego, CA). Ad.lacZ
transduced tumor cells were incubated with fluorescein di-B-D-galactopyranoside (FDG,
Molecular Probes, Eugene, OR) for one minute at 37°C followed by incubation on ice for 30
minutes. Cellular fluorescence (10,000 live cells/condition) were analyzed using a FACScan

flow cytometer (Becton Dickinson).

Isolation of human peripheral blood mononuclear (MN) cells and purified T cells

Peripheral blood was collected in heparin tubes (Becton Dickinson, Franklin Lakes, NJ), diluted
with an equal volume of PBS and underlaid with Ficoll-Hypaque (Pharmacia, Uppsala, Sweden).
After centrifugation at 3,000 rpm for 20 minutes at room temperature, the MN cell layer at the
interface was removed, washed twice, and cell number was adjusted in RPMI medium, 10% heat
inactivated FBS. Human T cells were isolated from the peripheral lymphocyte fraction by
negative selection. Lymphocytes were incubated with an antibody mixture consisting of mouse
mAbs to human CD14 to eliminate macrophages, CD16 to eliminate NK cells, CD19 to
eliminate B cells and to MHC class II to eliminate MHC class II expressing cells (gift from Dr.
L. A. Turka, University of Pennsylvania, PA) for one hour on ice. After washing, cells were
resuspended in RPMI medium containing 2% FBS and incubated with BioMag® goat anti-mouse
IgG magnetic beads (Perseptive Diagnostics, Cambridge, MA). After magnetic separation, the
supernatant containing the T cell fraction was washed twice and counted. The functional purity
of the T cell fraction was verified by their failure to proliferate in response to

phytohemagglutinin (PHA) alone.

[3H]-thymidine incorporation assay

WM9 and MCF-7 cells (1x106) were treated with 100 pg mitomycin C (Boehringer Mannheim
Biochemicals, Indianapolis, IN) for 45 minutes at 37°C in serum-free RPMI medium. Cells were
washed twice in RPMI medium and resuspended in RPMI medium containing 10% heat-

inactivated FBS. Tumor cells (2.5)(104 cells/well) and T cells or lymphocytes (1x105 cells/well)

were co-cultured in 96-well round bottomed plates in RPMI medium containing 10% FBS. PHA




(Boehringer Mannheim Biochemicals) was used at a concentration of 5 pg/ml. Phorbol
myristate acetate (PMA, Calbiochem, La Jolla, CA) and ionomycin (Sigma) were added at a

final concentration of 10 ng/ml and 360 ng/ml, respectively. After five days, cells were pulsed

with one pCi [3H]—thymidine (Dupont NEN, Boston, MA) and harvested 18 hours later.
Thymidine incorporation was measured in cpm in a liquid scintillation counter (Wallac,
Gaithersbury, MD). Each experiment consisting of quadruplicate samples was performed at least

twice.
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Results

Tumorigenicity of tumor cells expressing murine B7-1 and murine COX-1.

The expression of B7-1 on tumor cells has been shown to induce T cell mediated immune
responses in vivo resulting in tumor rejection (1). We sought to investigate whether the
expression of COX-1 on tumor cells can alter a B7-1 mediated immune response in vivo. We
transduced SCK and B7-1 expressing SCK cells (SCKmB7-1) with a retrovirus expressing
murine COX-1. Since mammary carcinoma cells are less immunogenic and therefore not
susceptible to B7-1 immunotherapy we also created COX-1 stable transfectants of the murine
K 1735 cells and K1735mB7-1 cells (K1735COX-1 and K1735B7-1COX-1, respectively). The
COX-1 transfected cells were clonally expanded and the PGE, secretion into the supernatant was
confirmed by PGE,-EIA. None of the SCK clones cultured in selection medium for several
weeks produced PGE, levels at significant amounts. Most of the K1735mCOX-1 and
K1735mB7-1mCOX-1 clones released PGE, into the supernatant and two clones producing the
highest amount of PGE, were used for animal studies. The K1735mCOX-1 clone produced 1208
pg/ml PGE, and the K1725mB7-1mCOX-1 clone produced 917 pg/ml PGE,. When C3H mice
were injected subcutaneously with untransduced K1735 cells, K1735mB7-1 or B7-1/COX-1
expressing K1735 cells, tumors appeared in some animals on day 8 and all animals developed
tumors by day 13 (Fig. 1). The tumors grew progressively and animals had to be euthanized by
day 24 due to tumor burden. There was no difference in tumor appearance and tumor growth

rate between groups.

Co-culture of murine T cells and K1735 cells retrovirally transduced to express B7-1
and/or COX-1.

Since B7-1 expression on K1735 cells did not protect syngeneic animals from tumor growth, we
next tested whether we can detect stimulation of T cells in vitro. Untransduced and B7-1/COX-1
expressing K1735 cells were co-cultured with allogeneic T cells (Fig. 2). In the absence of
mitogen K1735mB7-1 cells failed to stimulate T cells to proliferate. Similarly, T cells did not
proliferate in the presence of B7-1 and COX-1 expressing K1735 cells or in the presence of
untransduced tumor cells. There was no significant difference in thymidine uptake between T
cells co-cultured with untransduced or transduced K1735 cells. T cells proliferated when Con A

was added, indicating that T cells were alive and responsive.
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Indomethacin treatment of breast cancer cells restored lymphocyte proliferation.

We have previously shown that depletion of PGE, from MCF-7 CM restored the mitogenic
response to mononuclear (MN) cells (last annual report). However, MN cultures are mixed cell
cultures with endogenous sources of B7-1 and PGE,. We investigated whether breast cancer
derived PGE, contributes to the suppresssion of B7-1 dependent T cell responses irrespective of
other cell types in MN cultures. Purified T cell co-culture assays were performed using MDA-
MB 231 cells that normally produced high amounts of PGE,. We sought to test whether the
treatment of B7-1 expressing MDA-MB 231 cells with COX inhibitors reconstituted T cell
proliferation. Therefore, MDA-MB 231 cells were transduced to express B7-1 and treated with
indomethacin or NS398, a COX-2 specific inhibitor. As a control, MDA-MB 231 cells and T
cells were co-cultured in ethanol containing medium since ethanol served as a solvent for the
COX inhibitors. B7-1 expressing MDA-MB 231 cells produced 312 pg/ml PGE, and there were
no detectable levels of PGE, after the treatment with either COX inhibitor by EIA. Untreated or
untransduced MDA-MB 231 cells failed to stimulate allogeneic T cells in the absence of PHA
(Fig. 3). However, T cells were stimulated to proliferate when co-cultured with B7-1 expressing,
indomethacin treated tumor cells in the presence of PHA. In contrast, there was no thymidine
incorporation by T cells co-cultured with ethanol treated or NS398 treated, B7-1 expressing
MDA-MB 231 cells or with unmodified MDA-MB 231 cells in PHA containing medium (Fig.
3). These results indicate that the inhibition of COX activity and PGE, production by
indomethacin restored T cell proliferation although this effect was observed only in the presence

of PHA. Thus, breast cancer derived PGE, appeared to inhibit B7-1 induced T cell proliferation.

Adenoviral transduction of breast epithelial cells and tumor cells.

Rather than reducing PGE, production we attempted to confer COX-1 expression and PGE,
production in breast epithelial and WM9 cells to further support a role of PGE, on B7-1
dependent T cell responses. The epithelial cell line HBL-100 and some tumor cells (SUM 185
cells, WMO cells) did not secrete PGE, at detectable levels by EIA and none of the cell lines
expressed B7-1. In order to convert these cells PGE, producing and B7-1 positive cells, we
transfected the cell lines with AdCOX-1 or AdhB7-1 alone or with the combination of these

adenoviruses at different multiplicities of infection (MOIs). A successful transduction with
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AdhB7-1 was determined by flow cytometry for B7-1 expression. To assess whether
adenovirally transduced COX-1 was active, we tested the ability of transduced breast epithelial
cells and transduced melanoma cells to produce PGE,. Breast epithelial cells produced 15 pg/ml,
WMO cells normally released 29 pg/ml and SUM185 cells did not produce PGE, at detectable
levels (Table 1). Upon transfection with AdCOX-1 the PGE, secretion could be enhanced dose-
dependently in HBL-100 and WM cells up to 23-fold after transduction. Low level PGE,
production by SUM185 cells could be induced through the transduction with AdCOX-1 (50
pg/ml). When AdhB7-1 and AdCOX-1 were used in combination to transduce HBL-100 or
WMDO cells, a MOI of 50 was sufficient to render all cells B7-1 positive (>84%). To induce high
level PGE, production by WM9 and HBL-100 cells AdCOX-1 was used at MOI of 1000 and
500, respectively. In summary, a transfer of B7-1 and COX-1 on HBL-100 and WMO cells was
achieved by using a combination of AdhB7-1 and AdCOX-1.

The expression of COX-1 on HBL-100 breast epithelial cells inhibits a mitogenic response
of T cells.

Next, we addressed whether adenoviral delivered B7-1 and COX-1 was functional. We
postulated that the transfer of B7-1 on HBL-100 cells induced the proliferation of T cells in
response to PHA and that the co-expression of COX-1 abrogated this effect. We transduced
HBL-100 cells with AdCOX-1 in combination with AdhB7-1. T cells co-cultured with B7-1
expressing HBL-100 cells in the presence of PHA proliferated as indicated by thymidine updtake
(Fig. 4). However, when COX-1 was expressed on HBL-100 cells in addition to B7-1 the
proliferative response of the T cells was inhibited. This result indicates that a single

modification (COX-1 expression) can abrogate a B7-1 dependent mitogenic T cell response.

Tumor cell derived PGE, inhibits B7-1 dependent T cell proliferation.

To support the hypothesis that tumor cells block B7-1 dependent T cell mediated immune
responses through the production of PGE,, we generated PGE, producing and B7-1 positive
melanoma WMO cells by transduction with AACOX-1 and AdhB7-1. Proliferation assays using
T cells co-cultured with modified WM9 cells were performed and the level of PGE; in the five-
day co-culture medium was determined by PGE,-EIA. T cells were stimulated to proliferate by

the co-culture with B7-1 expressing WM cells in the absence or presence of PHA (Fig. 5).
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However, the proliferation of T cells was inhibited when incubated with WM9 cells transduced
to express B7-1 and COX-1. There was a four fold increase of PGE; in the five days supernatant
of T cells co-cultured with B7-1, COX-1 expressing WM9 cells (538 pg/ml) as compared to the
supernatant from T cells co-cultured with B7-1 expressing WMO cells (Table 2). T cells co-
cultured with AdB7-1, AdBgl2 infected WM cells produced 95 pg/ml PGE,. The allogeneic T
cell response of B7-1 expressing WM cells was completely restored by the co-culture of T cells
with WMO cells transduced with a mixture of AdhB7-1 and AdBgl2. These results clearly
indicate that the expression of COX-1 and the resulting production of PGE, by WM9 cells

inhibited B7-1 induced T cell proliferation.
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cells virus MOI % pos for B7-1 | PGE, (pg/ml)
expression
WM9 AdhB7-1 0 5%
10 55%
50 95%
100 99%
WM9 AdCOX-1 0 29 pg/ml
100 61 pg/ml
500 180 pg/ml
1000 462 pg/ml
5000 701 pg/ml
WM9 AdhB7/ 50/ 93% 361
AdCOX-1 1000
AdhB7/ 50/ 90% < detection
AdBgl2 1000 limit
SUM185 | AdCOX-1 0 9
100 15
500 15
1000 50
HBL-100 | AdhB7-1 10 85%
50 93%
100 95%
AdCOX-1 50 15
100 86
500 387
HBL-100 | AdhB7/ 50/ 86% 30
AdCOX-1 50
50/ 84% 140
100
50/ 95% 355
500

Table 1: B7-1 expression and PGE, production before and after transduction of human

metastatic WM9 cells, human SUM 185 breast cancer cells and human HBL-100 breast
epithelial cells with AdhB7 and/or AdCOX-1.
cytometry and PGE, production was assessed by PGE,-EIA.

B7-1 expression was determined by flow
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cells

T cells

PHA

PGE, (pg/ml)

WMO

57
29
96

WM9AdhB7

91
139
165

WM9AdhB7/AdCOX-1

500
538
692

WM9AdhB7/AdBgl2

103
95
205

MN cells

63
730

T cells

~ [~ >+ + [+ + |+ + |+ + ~

7
9

Table 2: PGE, levels in the five day supernatants of T cells co-cultured with untransduced and

transduced WMO cells.
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Fig. 1: Tumorigenicity of K1735mB7-1 and K1735mB7-1mCOX-1 cells. Mice were inoculated
with live untransduced K1735 cells and retrovirally transduced K1735 cells expressing B7-1
and/or COX-1 in the right flank (8 mice per group). Mice were monitored every other day for
tumor appearance. There was no difference in tumor appearance and tumor growth rate between

groups.
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Fig. 2: Co-culture of T cells with K1735 cells expressing B7-1 and/or COX-1. Data were
obtained as a mean of quadruplicates and error bars represent the standard deviation. There is no
difference in thymidine incorporation by murine T cells co-cultured with K1735mB7-1 cells as

compared to untransduced or B7-1 and COX-1 expressing cells.
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Fig. 3: Indomethacin treatment of B7-1 expressing MDA-MB 231 cells restored the proliferation
of T cells. [3H]Thymidine incorporation by T cells co-cultured with B7-1 expressing MDA-MB
231 cells after the treatment with indomethacin, NS 398 or ethanol. Data were obtained as a
mean of quadruplicates and error bars represent the standard deviation. In the presence of PHA

indomethacin treatment of B7-1 expressing MDA-MB 231 cells abrogated T cell proliferation.

19




150000 -
T
- 1 HBL-100
100000 -
[0 HBL-100AdhB7
& HBL-100AdhB7/AdCox-1
50000 Bl HBL-100AdhB7/AdBgl2
HBL-100AdBgI2
0 1 ]
<& &
& Q)
4 ©
é)\\%
&’O

Fig. 4: The expression of COX-1 on HBL-100 cells inhibited the proliferative response of T cells
to PHA. [3H]Thymidine incorporation by T cells co-cultured with HB1-100 cells transduced with
AdhB7 and/or AACOX-1. B7-1 exppressing cells and PHA stimulated T cells to proliferate,

whereas the co-expression of COX-1 inhibited T cell proliferation in this setting.
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Fig. 5: [’H]Thymidine incorporation by T cells co-cultured with WM9 cells co-expressing COX-
1 and B7-1. Data were obtained as a mean of quadruplicates and error bars represent the
standard deviation. The proliferation of T cells in response to B7-1 expressing WMDY cells was

inhibited by the co-expression of COX-1 on the tumor cells.
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Discussion

B7-1 immunotherapy has been reported to be effective in immunogenic tumors (1). Tumor cells
are generally termed “immunogenic” when they express antigens that result in the rejection of
tumor cells by syngeneic animals previously immunized with the irradiated parental tumor cells
(1). Accordingly, non-immunogenic tumors are rejected when similarly tested. However, there
is no consensus about the parameters that render tumor cells more or less immunogenic. Breast
cancer cells are known as non-immunogenic tumors and thus escape immune surveillance. We
investigated whether the production of PGE, by mammary carcinoma cells rendered them non-
immunogenic. The significance of the inhibitory effects of PGE, in vivo remains to be tested. In
our hands mice injected with B7-1 and COX-1 expressing K1735 and control mice developped
tumors at the same time and growth rate. The lack of immunogenicity of K1735B7-1 cells was
most likely due to the loss of B7-1 expression. Although cells were cultured in selection
medium only 35% of the cells expressed B7-1 as determined by flow cytometry. Thus, the
number of B7-1 expressing K1735 cells was not sufficent to induce an anti-tumor immune

response.

Here, we have demonstrated that in contrast to B7-1 transduced human melanoma cells, B7-1
immunotherapy using breast cancer cells failed to induce T cell proliferation in vitro due to the
secretion of PGE,. The significance of tumor-derived PGE, to T cell growth inhibition is
highlighted by recent reports demonstrating therapeutic efficacy in the prevention and treatment
of breast cancer by non-steroidal anti-inflammatory drugs (NSAID) including indomethacin
itself (3). Importantly, indomethacin reduced PGE, production by inhibiting the enzymatic
activity of the COX-1 and COX-2 which were rate-limiting enzymes in the PGE, biosynthetic
pathway. Indomethacin has also demonstrated efficacy in the treatment of mouse mammary
carcinoma cells. Mice injected with mammary adenocarcinoma C3-L5 cells received long-term
indomethacin therapy on day 15 followed by two rounds of IL-2 administration for five days.
Regression of primary tumors, reduction of lung metastases and prolonged survival were
observed in the group receiving the combination therapy as opposed to the group receiving IL-2
treatment alone. Furthermore, the long-term intake of indomethacin in combination with IL-2
was shown to activate tumoricidal lymphocytes in situ (3). We have previously shown (last

annual report) that indomethacin treatment of MCF-7 cells reduced PGE, production and
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partially alleviated inhibition of MN cell proliferation. Indomethacin did not completely remove
the inhibitory effect that is consistent with the presence of residual PGE, that could be detected
by mass spectometry. Here, we demonstrate that indomethacin treatment of B7-1 expressing
MDA-MB 231 cells inhibited PGE, production and reconstituted their ability to stimulate T cell
proliferation. This, accompanied by the PGE, depletion data (last annual report), suggests that

PGE, contributed to tumor derived immunosuppression.

The effect of PGE, on mitogenic lymphocyte responses is reported before (5, 18). However, the
effect of PGE, on B7-1 dependent T cell proliferation, an important event in the induction of an
anti-tumor immune response, has not been studied in great detail. We have previously shown
that breast cancer-derived PGE, suppressed the lymphoproliferative response to mitogens (last
annual report). This experimental setting, however, did not take into account that lymphocytes
are a mixed cell population consisting of B7-1 expressing cells as well as PGE, producing cells.
We next sougt to investigate the role of PGE, on immune responses in a more defined system
with no endogenous source of B7-1 or PGE,. Here, we were able to show that the production of
PGE, specifically inhibited B7-1 induced T cell proliferation. First, B7-1 expressing MDA-MB
231 cells did not secrete PGE, at detectable levels after indomethacin treatment and stimulated T
cells to proliferate when PHA was present. Second, the co-expression of B7-1 and COX-1 on
breast epithelial cells inhibited the response of T cells to PHA. Finally, in the melanoma system
the sole modification of co-expression of COX-1 on B7-1 expressing WM cells was sufficient
to inhibit an allogeneic T cell response. Thus, the expression of COX-1 is necessary and
sufficient to inhibit B7-1 dependent T cell responses in vitro. Therefore, a tumor vaccine based

on B7-1 expressing breast cancer cells may benefit from the inhibition of COX activity.
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Conclusion

In summary, the use of a B7-1 expressing breast cancer based vaccine is not efficient at inducing
T cell proliferation through the prodution of PGE, by the tumor cells. Most breast cancer cells
secrete PGE, and their CM inhibits mitogenic and B7-1 induced T cell proliferation. The
depletion of PGE, from MCF-7 CM restored the mitogenic response of MN and indomethacin
treatment of B7-1 expressing MDA-MB 231 cells restored the proliferative response of T
lymphocytes to PHA. MCF-7 CM blocked the proliferation of T cell stimulated with B7-1
expressing melanoma cells and removal of PGE, from CM reversed this effect. Furthermore, the
transduction of B7-1 expressing melanoma cells with AdCOX-1 resulted in PGE, secretion and
marked inhibition of T cell proliferation. Together, these results indicate that the efficacy of B7-
1 based vaccines in breast cancer may benefit from antagonizing the effects of tumor-derived
PGE,. The combination of inhibiting PGE, production and transfer of B7-1 expression on tumor
cells abrogated T cell proliferation and may form a basis for an immunotherapy against breast

cancer.
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Recommendations in relation to the Statement of Work outlined in the proposal

As previously shown murine mammary carcinoma cells and human breast cancer cells used in
this study do normally not express B7-1 but can be adenovirally be transduced to express B7-1
(task 1 and 2 of the Statement of Work). There was no growth difference between untransduced
and AdmB7-1 transduced mammary carcinoma cells in immunocompetent mice (task 5). Thus,
the comparison of the in vivo growth behaviour in immunocompetent mice (task 6) was omitted.
Preliminary lymphocyte proliferation data suggested that PGE, may suppress T cell responses in
vitro. To determine the role of PGE, in vivo we carried out immunogenicity studies (proposed in
task 8) including a group of mice receiving B7-1 and COX-1 expressing tumor cells. All mice
needed to be euthanized due to tumor burden. The induction of T cell mediated immune
responses by B7-1 expressing breast cancer cells was investigated in great detail (task 9). B7-1
expressing breast cancer cells failed to stimulate T cells to proliferate (task 9). Therefore, we
hypothesized that human breast cancer cells produce immune inhibitory factors. Thymidine
incorporation assays revealed that the CM from most breast cancer cell lines inhibited T cell
proliferation and PGE, could be identified as a major mediator for the inhibition of B7-1 induced

T cell proliferation (task 9).
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Appendix

Bulleted list of key research accomplishments

Mammary carcinoma cells and breast cancer cells can be transduced with adenovirus
expressing B7-1 at high efficiency.

B7-1 expressing breast cancer cells failed to induce T cell proliferation in vivo and in vitro.
CM from breast cancer cells inhibited a mitogenic response of lymphocytes.

Soluble TGFB did not account fro the inhibitory effect of MCF-7 CM on lymphocyte
proliferation.

CM from breast cancer cells contained PGE, at various amounts.

Indomethacin treatment of breast cancer cells restored lymphocyte proliferation.

Removal of PGE, from breast cancer CM elicited B7-1-depedent stimulation of MN cells and
purified T lymphocytes.

Breast cancer derived PGE, inhibited B7-1-dependent T cell proliferation induced by
melanoma cells.

Melanoma cells transduced to produce PGE, blocked B7-1 dependent T cell proliferation.

List of reportable outcomes

1.

The work of this study is presented in a manuscript that will be submitted for publication

in Cancer Research.

Parts of the work funded by the U.S. Army Breast Cancer Research Program grant
DAMD17-96-1-6287 was presented as a minisymposium at the American Association for

Cancer Research meeting in Philadelphia on April 10-14, 1999.

The work presented in this study formed the basis for my Ph.D. thesis and I graduated on
November 20, 1998 with honory degree (Magna cum lauda) from the “Justus-Liebig
University” in Giessen, Germany. The Ph.D. program at the “Justus-Liebig University”

in Giessen, Germany was conducted in affiliation with the University of Pennsylvania.
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4. Based on the skills and training supported by the DAMD17-96-1-6287 award I received
and accepted a job offer as an “Associate Scientist” at Cell Genesys Inc., 342 Lakeside
Drive, Foster City, CA 94404 starting in October 1999. My work at Cell Genesys will
involve the characterization of humoral and cellular immune responses incancer patients

receiving treatment with a GM-CSF tumor vaccine.
Please find enclosed a copy of the manuscript submitted to Cancer Research and the abstract

submitted to the American Association for Cancer Research summarizing my work supported by

the U.S. Army Breast Cancer Research Program grant DAMD17-96-1-6287.
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Human breast cancer derived PGE} inhibits B7-1 induced T cell

proliferation Heike K. E. Boxhorn, Ulrich Rodeck, Ralf Gutzmer, Monika
Jost, Stephen L. Eck; Hematology/Oncology Division, Department of
Medicine, University of Pennsylvania Medical Center, Philadelphia, PA 19104
(HK.EB.R.G.,, S.LE); Department of Dermatology, Thomas Jefferson
University, Philadelphia, PA 19107 (U.R.,, M.J.)

Expression of the T cell co-stimulatory molecule B7-1 has been shown to induce
anti-tumor immunity in several murine tumor models. B7-1 expressing tumor
cells have been postulated to directly activate T cells without the need for
antigen processing by antigen presenting cells. To evaluate the potential of B7-
1 breast cancer immunotherapy we transduced human MCF-7 breast cancer cells
to express high levels of B7-1 using an adenoviral expression vector (Ad.hB7-1).
The co-culture of B7-1 expressing MCF-7 cells with purified human T cells
failed to augment T cell proliferation. Under the same conditions human
melanoma cells expressing B7-1 were able to induce T cell proliferation. The
lack of T cell stimulation by MCF-7 cells was due to secretion of a soluble
factor by MCF-7 cells that strongly inhibited T cell proliferation. Furthermore,
we found that seven of eight human breast cancer lines similarly inhibited
lymphocyte proliferation. The principal component of the inhibitory effect of
MCF-7 cells was identified as prostaglandin E3 (PGEp) using PGE} depletion

experiments. TGFP is also produced by MCF-7 cells, but had no demonstrable
effect on B7-1-dependent T cell proliferation. These results suggest that PGE?

secreted by human breast cancer cells may limit the use of tumor vaccines based
on B7-1 expressing breast cancer cells.
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Abstract

Expressica of the T cell co-stimulatory molecule B7-1 has been shown to induce anti-tumor
immunity in several murine tumor models. B7-1 expressing tumor cells have been
postulated to directly activate T cells without the need for antigen processing by antigen
presenting ceils. To evaluate the potential of B7-1 breast cancer immunotherapy we
transduced horman MCF-7 breast cancer cells to express high levels of B7-1 using an
adenoviral expression vector (AdB7-1). The co-culmre of B7-1 expressing MCF-7 cells
with parified human T cells failed to angment T cell proliferation. Under the same
conditions human melanoma WM9 cells expressing B7-1 were able to induce T cell
proliferation. We hypothesized that the lack of T cell stimulation by B7-1 expressing
MCF-7 cells was due to secretion of a soluble factor and sought to identify which factor
was responsible for the inhibition of B7-1 induced T cell proliferation. We found that
conditoned medinm (CM) from eight of nine human breast cancer lines including MCF-7
cells inhibited lvimphocyte proliferation. TGFpB was produced by MCF-7 cells but had no
demonstrable =ffzct on the mitogenic response of lymphocytes. However, several lines of
evidence sugg=st that the principal component of the inhibitory effect of MCF-7 and MDA
MB 231 c2lls was prostaglandin E, (PGE-). Depietion of PGE, from the supernatant of
MCF-7 cells restored not only the mitogenic response of lymphocytes to
phytobemagglutinin (PHA) in the presence of MCF-7 CM, whereas MCF-7 CM was able
to block the prolifzration of T cell stimulated with B7-1 expressing melanoma cells. PGE-
depleted MCF-7 CM was no longer able to inhibit T cells in this assay. Furthermore, the
transduction of B7-1 expressing melanoma cells with an adenovirus expressing
cyclooxygenase-1 (AdCOX-1) resulted in the inhibiton of T cell proliferation. Thus, this
study prevides direct evidence that breast cancer derived PGE, blocks B7-1 dependent
proliferation of T c2lls. Therefore, PGE- secreted by human breast cancer cells may limit

the use of mmor vaccines based on B7-1 expressing breast cancer cells.
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Introduction

Cancer immunotherapy seeks to elicit and/or restore clinically effective immune responses
to tumor antigens. In recent years T cell-mediated immune responses to tumor cells have
attracted special attention because they constitute an effective mechanism for destruction of
antigen-bearing target cells. In addition, T lymphocytes can differentiate into long-lasting
memory cells thus potentially providing lasting protection against tumor recurrence.
Importantly, T cells reactive against tumor antigens have been identified in tumor patients
(1), however, in the presence of growing tumors, these T lymphocytes do not efficiently

destroy tumor cells.

Two signals are required for effective T cell activation: an antigen-specific signal and an
antigen-independent, co-stimulatory signal. The antigen-specific signal is provided by the
interaction of the T cell receptor (TCR) with peptides presented by major histocompatibility
(MHC) proteins. The non antigen-specific signal is generated by co-stimulatory molecules,
which include members of the B7 family of proteins, that interact with cognate ligands on T
cells (2). The interaction between B7-1 on antigen presenting cells and its counter-receptor
CD28 on T lymphocytes plays a key role in the induction of cell-mediated immune
responses in part by preventing T cell apoptosis during target cell lysis (3). Importantly,
tumor cells typically lack the expression of co-stimulatory molecules. The delivery of
antigen-specific signals by tumor cells in the absence of co-stimulatory signals is believed
to lead to T cell anergy or apoptosis (2-4). Several groups have shown that expression of
B7-1 on murine melanoma cells (5-9) and other tumor cells results in tumor rejection and
the induction of protective immunity (5, 6, 8-12). However, B7-1 expression is not as
effective in providing protection against poorly immunogenic tumors (13), including
murine mammary carcinomas (8). At present, it is not known why B7-1 expression is less

effective in certain tumor models.




Breast carcinoma cells produce high levels of agents known to alter T cell responses
including transforming growth factor B (TGFB, 14), interleukin 10 (15), and PGE, (16).
PGE, increases the expression of receptors on lymphocytes, promotes immunoglobulin
synthesis, inhibits interleukin production, cytotoxicity and lymphocyte proliferation
(Phipps RP1999 Immunology today, Roper RL 1994 Adv Prrost Thromb Leuk Res;
Coleman RA 1994 Pharmac Rev). Moreover, PGE, has been shown to inhibit
differentiation of lymphokine activated killer cells (LAK), suppression of natural killer cell
(NK) activity (26-28), and downregulation of a humoral response (29). The inhibition of
T cell proliferation in lymphocyte cultures by PGE, is mediated by the downregulation of
MHC class II expression on antigen presenting cells (30-32) and through suppression of
cytokine production (33, 34). PGE, is produced by COX mediated oxidation of
arachidonic acid and has been found in some human breast cancer cell lines. There are two
isoforms of COX, designated COX-1 and COX-2. In mouse thymus PGE, production
plays a critical role in T cell maturation (Rocca B, FitzGerald GA JCI 1999 103, 10).
COX-1 is constitutively expressed in most tissues and mediates the synthesis of
prostaglandins required for constituative physiological functions, such as maintaining
gastrointestinal, kidney and reproductive functions (Subbaramaiah k, Dannenberg Aj, Proc
Sci for exp Bio&Med). COX-1 was found to be overexpressed in 30 of 44 breast tumor
tissues compared to normal breast epithelium (36). COX-2 expression can be induced by
cytokines, growth factors, oncogenes and tumor promoters (Kujubu da J Biol Chem
1991), is reportedly upregulated in a few metastatic breast cancer cell lines (35) and leads
to high levels of PGE, production by these cells. Given the development of idiopathic
chronic suppurative peritonitis and bowel inflammation in COX-2 knockout mice (Morham
SF 1995 Cell 83), the involvement of COX-2 in immune cell development is likely and

requires detailed investigation. However, the role of COX expression and PGE,




production on anti-tumor immune responses remains poorly understood with respect to its

potentially deleterious effects on anti-tumor immunity.

We have previously reported that adenoviral transfer of B7-1 to human melanoma cells
elicits allogeneic T cell responses despite the production of immunosuppressive factors by
the tumor cells (37). In the present study we show that B7-1 expression on human breast
cancer MCF-7 cells failed to stimulate effective T cell responses in vitro under comparable
experimental conditions. The failure of B7-1 expressing breast cancer cells to induce T cell
proliferation was due in part to soluble immunosuppressive agents produced by the tumor
cells. In addition, we provide evidence that tumor-derived PGE,, but not TGFp, was

responsible for curtailing T cell proliferation in this experimental setting.

Materials and Methods

Cell lines and culture methods

The human metastatic melanoma cell line WM9 (gift from Dr. M. Herlyn, Wistar Institute,
Philadelphia, PA) was cultured in MCDB-153 medium (Sigma, St. Louis, MO) containing
20% L-15, 2% FBS (Gibco, Grand Island, NY) and 0.01 mg/ml insulin (Sigma). The
human breast cancer cell lines SUMS2PE, SUM149PT, SUM185PE and SUM190PT were
produced as previously described (38) and were cultured in Ham’s F-12 medium (Gibco)
containing 5% FBS, insulin (5 pg/ml) and hydrocortisone (Sigma, 1 pg/ml). All other
human breast cancer cell lines and the human normal breast epithelial cell line HBL-100
were obtained from the American Type Culture Collection (Rockville, MD). MCEF-7 cells
were cultured in DMEM medium (Gibco) containing 10% FBS, 1% penicillin/streptomycin
and insulin (10 pg/mi). MCF-10 and MDA-MB 231 cells were cultured in 50% DMEM
medium, 50% F-12 medium supplemented with epidermal growth factor (Sigma, 20

ng/ml), cholera toxin (Sigma, 0.1 pg/ml), insulin (2 pg/ml) and hydrocortisone (0.5




ug/ml). The growth medium of BT-20 cells was DMEM medium, 10% FBS, 1%
penicillin/streptomycin and insulin (2 pg/ml). BT-474 cells were cultured in L-15 medium
(Sigma), 10% FBS, 1% penicillin/streptomycin. None of the tumor cell lines used in this
study did express cell surface B7-1 as determined by flow cytometry. WM9 cells were
positive for MHC I and II molecules, whereas MCF-7 and MDA-MB 231 cells expressed

only MHC I as detected by flow cytometry.

Adenoviral transduction

AdhB7-1, AdhCOX-1 and recombinant adenoviruses containing either the p-galactosidase
reponér gene (AdlacZ) or no transgene (AdBgl2) were constructed as previously described
(37, 39). WM9 and MCF-7 cells (3x106 cells) were transduced in vitro with adenovirus at
a multiplicity of infection (MOI) of 100 plaque forming units (pfu) per cell in growth
medium containing 2% FBS. To create B7-1 and COX-1 positive WMO cells, cells were
transduced with a mixture of AdB7-1 (MOI of 50) and AdCOX-1 (MOI of 1000). The
next day, fresh growth medium was added. Transgene expression was assessed by flow

cytometry three days after transduction.

Flow cytometry

The expression of B7-1 before and after adenoviral transduction was detected using the
BB-1/B7-1 mAb (Becton-Dickinson, Sunnyvale, CA) followed by a fluorescein
isothiocyanate (FITC) labeled goat anti-mouse secondary antibody (Pharmingen, San
Diego, CA). AdlacZ transduced tumor cells were incubated with fluorescein di-B-D-
galactopyranoside (FDG, Molecular Probes, Eugene, OR) for one minute at 37°C followed
by incubation on ice for 30 minutes. Cellular fluorescence (10,000 live cells/condition)
was analyzed using a FACScan flow cytometer (Becton-Dickinson). The purity of T cells
was confirmed by incubation with an anti-CD3 antibody (Pharmingen) followed by a

FITC-anti-mouse antibody (Pharmingen).




Production of conditioned media (CM) by tumor cells

For lymphocyte proliferation assays, supernatants of tumor cells (3x10° cells) cultured for
24 hours in 5 ml RPMI medium containing 10% heat inactivated FBS were collected. For
the detection of TGFB or PGE, in MCF-7 CM by bioassay, MCF-7 cells were cultured
under serum-free conditions for 24 hours (40). CM was stored in aliquots at -20°C (or at
-80°C when used in bioassays for the detection of PGE,). For the detection of PGE, in the
supernatants of T cells co-cultured with modified tumor cells, supernatants from four wells

were combined directly before harvesting the 96-well-plates and assayed by bioassay.

Isolation of human peripheral blood mononuclear (MN) cells and purified
T cells

Peripheral blood was collected in heparin tubes (Becton-Dickinson, Franklin Lakes, NT),
diluted with an equal volume of PBS and underlaid with Ficoll-Hypaque (Pharmacia,
Uppsala, Sweden). After centrifugation at 3,000 rpm for 20 minutes at room temperature,
the MN cell layer at the interface was removed, washed twice, and cell number was
adjusted in RPMI medium containing 10% heat inactivated FBS. Human T cells were
isolated from the peripheral lymphocyte fraction by negative selection. Lymphocytes were
incubated with an antibody mixture consisting of mouse mAbs to human CD14 to eliminate
macrophages, CD16 to eliminate NK cells, CD19 to eliminate B cells and MHC II
expressing cells (gift from Dr. L. A. Turka, University of Pennsylvania, PA) for one hour
onice. After washing, cells were resuspended in RPMI medium containing 2% FBS and
incubated with BioMag® goat anti-mouse IgG magnetic beads (Perseptive Diagnostics,
Cambridge, MA). After magnetic separation, the supernatant containing the T cell fraction
was washed twice and counted. The functional purity of the T cell fraction was verified by
their failure to proliferate in response to PHA alone and by anti-CD3 staining using flow

cytometry analysis (>97% CD3 positive) prior to [3H]-thymidine incorporation assay.




[3H]-thymidine incorporation assay

MDA-MB 231 cells were transduced with AdB7-1 and treated with indomethacin (Sigma)
at a concentration of 100 pg/ml or with NS398 (Cayman, Ann Arbor, MI) at a
concentration of 10 M for 24 hours. Indomethacin and NS398 were dissolved in ethanol.
Untransduced and transduced tumor cells (1x106) were then treated with 100 pg mitomycin
C (Boehringer Mannheim Biochemicals, Indianapolis, IN) for 45 minutes at 37°C in
serum-free RPMI medium. Cells were washed twice inARPMI medium and resuspended in
RPMI medium containing 10% heat-inactivated FBS. Tumor cells (2.5x104 cells/well) and
T cells (1x105 cells/well) were co-cultured in 96-well round bottomed plates in RPMI
medium containing 10% FBS. For MN proliferation assays, MN cells (lxlO5 cells/well)
were cultured in 96-well round bottc;mcd plates in RPMI medium containing 10% FBS.
PHA (Boehringer Mannheim Biochemicals) was used at a concentration of 5 pg/ml
Phorbol myristate acetate (PMA, Calbiochem, La Jolla, CA) and ionomycin (Sigma) were
added to a final concentration of 10 ng/ml and 360 ng/ml, respectively. After five days,
cells were pulsed with one nCi [3H]—thymidine (Dupont NEN, Boston, MA) and harvested
18 hours later. Thymidine incorporation was measured in counts per minute (cpm) in a
liquid scintillation counter (Wallac, Gaithersbury, MD). The stimulation index (SI) was
calculated as follows: mean cpm of untransduced or transduced tumor cells co-cultured
with T cells — mean cpm of untransduced or transduced tumor cells alone / mean cpm of T
cells alone. Inhibition of [3H]~thymidine incorporation was calculated as follows: %
inhibition = 100% - (100% x cpm of PMA/ionomycin stimulated MN cells incubated with
sample CM at a dilution of 1:4 / cpm of PMA/ionomycin stimulated MN cells). Each

experiment consisted of quadruplicate samples and was performed at least twice.

Quantitative bioassay for TGFp



The TGFB concentration of serum-free MCF-7 CM was detected using a quantitative
lociferase assay as published previously (41). This assay is based on the induction of a
vunated TGFB-responsive plasminogen activator inhibitor promoter driving luciferase
expression and transfected into mink lung epithelial cells (gift from Dr. D. B. Rifkin, New
York University, NY). The TGFB corcentrations of the samples were determined by
comparison to a standard curve obtamed with medium containing serial dilutions of
recombinant TGFB, (rTGFB,), rTGFB- and rTGFB; (R&D Systems, Minneapolis, MN).
Laociferase activity was detected using an ML 10000 Luminometer (Dynatech, Chantilly,

VAL

Quantitative bioassay for PGE, and elimination of PGE, by affinity binding

The expression of functional COX-1 on WM9 cells after transduction with AdCOX-1 and
the concentration of PGE; in the CM from different breast cancer cell lines was confirmed
by quantitative bioassay as follows. The amount of PGE, in the samples was tested by
competitive enzyme-linked immunoassay (EIA) kit (Cayman) following the manufacturer’s
protocol. PGE, standards were reconstituted in serum-free RPMI medium and samples
were tested undiluted. The percent standard bound/maximum bound (%B/By) was
cakulated and plotted versus the PGE: concentration on a semi-log graph. The PGE,
ccncentrations of the sample were determined by comparison to the standard curve. PGE,
w3s eliminated from MCF-7 CM using a PGE, immunoaffinity column (Cayman). The
cotumm is designed for the specific purification of samples using a monoclonal anti-PGE,
antibody covalently bound to sepharose with a loading capacity of 10 ng of PGE;. The
elimination of PGE, from MCF-7 CM was confirmed by EIA. Untreated MCF-7 CM and
PGE- depleted MCF-7 CM were testzd for their ability to inhibit the proliferation of

stirnalated MN cells. The depletion stodies were performed twice.
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Results

Adenoviral transfer of B7-1 to MCF-7 breast cancer cells.

W have shown previously that cultured human melanoma cells do not express B7-1 and
do not co-stimulate proliferation of T cells in response to PHA (37). However, when
transduced with AdhB7-1 these cells acquire the ability to co-stimulate T cells. Similar to
buoman melanoma cells all nine cultured human breast cancer cells examined in this study do
not have detectable levels of B7-1 on their cell surfaces (data not shown). To test whether
B7-1 expression would confer co-stimulatory activity to breast cancer cells, we transduced
MCF-7 cells with AdhB7-1. Flow cytometric analysis demonstrated that >90% of MCF-7
cells transduced with AdhB7-1 expressed the B7-1 protein on their cell surface (data not

showm).

MCF-7 CM inhibits T cell proliferation.

We previously reported that many human melanoma cells transduced to express B7-1
stimulate proliferation of purified human T cells (37). To assess the co-stimulatory activity
of B7-1 expressed by MCF-7 cells, we measured the proliferation of allogeneic T cells in
co-culure with B7-1 expressing MCF-7 cells in comparison with B7-1 expressing WM9
melanoma cells. Purified human T cells were co-culture with untransduced, B7-1
wransduced, or lacZ transduced tumor cells. B7-1 expressing WM9 cells induced at least a
33 fold increase in T cell proliferation (Table 1) over that achieved by untransduced WM9
cells. This effect was not due to the presence of adenovirus as seen by the low stimulation
mdex (SI) of WM9/lacZ cells (Table 1). In contrast, there was no difference in T cell
proliferation when untransduced MCF-7 cells or cells transduced with AdhB7-1 or AdlacZ
were co-cultured with purified human T cells. In the absence of a co-stimulatory signal
.2.g.. T cells alone) there is no proliferation (Table 1). To determine whether the lack of

co-stimulation was due to secreted, soluble factors produced by MCF-7 cells, we added
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MCEF-7 conditioned medium (CM) to mononuclear (MN) cultures. MCF-7 CM blocked
proliferation of MN preparations stimulated with either PHA (Fig. 1A) or PMA/ionomycin
(Fig. 1B) indicating that MCF-7 CM exerts its effect independently of the stimulus used for
T cell activation. Inhibition of lymphocyte proliferation was potent and dose-dependent
with significant inhibition at 1:4,000 dilution (Fig. 1A, B). Co-culture of viable MCF-7
cells and lymphocytes separated by membranes impermeable to cells also led to inhibition

of MN cell proliferation (data not shown).

Breast cancer cells produce soluble factors that suppress lymphocyte
proliferation.

We sought to determine if the inhibitory effect of MCF-7 CM was present in other human
breast cancer cell lines. Seven of eight additional breast cancer cell lines tested (BT-20,
MCF-10, BT-474, MDA-MB 231, SUMS2PE, SUMI149PT and SUMI190PT) also
secreted soluble factors that were capable of inhibiting the proliferation of MN cells (Table
2). However, CM from SUM18S5 cells and the human breast epithelial HBL-100 cells did
not inhibit lymphocyte proliferation (Table 2) under the same conditions. Thus, the
production of soluble factors that inhibit lymphocyte proliferation is a common though not

universal characteristic of human breast cancer cells.

Soluble TGFp alone does not account for the inhibitory effect of MCF-7
CM on the proliferation of MN cells in response to PHA.

We next sought to determine whether MCF-7-derived TGFp was responsible for the
inhibitory effect of MCF-7 CM on T cell proliferation. Bioactive human recombinant
TGFp has been shown to inhibit proliferation of PHA stimulated T cells in a dose-
dependent fashion (19), and MCF-7 cells reportedly secrete TGFp (42). We confirmed
that the MCF-7 cells used in the present study also secrete TGF at a rate of 1150 pg/ 1x10°
cells in a 24 h period. To assess whether TGFp in MCF-7 CM contributes to the inhibition
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of hmphiocyee profferanon. we evaluated the effect of MCF-7 M oo PHA-dependent MN
cell proliferar: >a in e presence of different concentrations of 2 arurahzing antibody that is
reactive with 2/ th= mown human TGF3 isoforms. The TGE3 antgbedy (up to 100
ugfml, Fig. 21w used m excess to block the biolomical etfects of recombinant TGFP a
the concentratica of TGEF3 found in MCF-7 CM. Thx is. 100 pwml TGF3 antibody can
pcumalize 28 ng of wal TGFB. As determined by a TGF3-responsive luciferase
expressica assav zah sample in Fig. 2 coetained 343 pr orl TGF3.  However. the
neumlizing TGF? :ribody (in amounts wp to 162 frdd excess over that meeded for
neutralizzrica s kxd no =ffact on MCF-7 CM hibition of MN prolizratica (Fig. 2). These
resalts effectively axclude TGP as the sole source of the miubiroey ffect

Indomethacin treatment of breast cancer cells restores lymphocyte
proliferation.

COX is expr=ssad in some human breast cancers (33. 36).  To mvesdgate whether the
inhibition of COX atvity restores Ivimpbocyte poliferanon. MCF-" cells were treated with
indomethac Cavmin. Armm Arbor. MDY & a concentranon of 100 ug/ml for 24 hours in
RPMI med—m crezdamg 10% heat ipactivaed FBS.  Edemethacn inhibis both COX-1
and COX-2 ind m=duced the PGE- prodoction by MCF-" o=ls w kss than 30 pg/ml (the
lower o1 of d==Con in this assay. &xa not shosui Indimetdncm pretreatment
abrogated e imacey affect of MCF-7 OM oa PMASoncmycin simelated proliferation
of MN cells a3 1:4.0£00 dilorion (Fig. 3A« However. $i profifzmtion of MN cells was
still inhibitad when ooreatsd MCF-7 OM or CM from ndeemethacm-treated MCF-7 cells
that was moee coocenmatad (1:40 ditutiony was addied w MN ols m the presence of
mitogen. This & cousistent with our cbsenvaticn thar MCEF-7 OM from indomethacin
weated c2lls <57 soemimed residual amees= of PGE: dzecztle T liqmad chromatograph-
mass specersocts LC-MS. data not skewz - Indemethur contzing medium itself (not

exposed 1o =t c2ls) did pot influence e prolifmramon of MN cells m response to

I
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PMA/ionomycin (data not shown). We next performed T cell coculturs assays using
MDA MB 231 cells that normally produced high amoents of PGE.. We sought to &est
whether the teamment of B7-1 expressing MDA MB 231 cells with COX inhibitors
reconstittes T cell proliferaion.  Therefore, MDA MB 231 cells were transduced 1o
express B7-1 and weated with indomethacin or NS398. a COX-2 specific inhibitor. As a
control, MDA MB 231 celk and T cells were co<ultored in ethanol containing mediom
since ethanol served as a solvent for the COX inhitstors. B7-1 expressing MDA MB 231
cells produced 312 pe'ml PGE- and there were no dewectable levels of PGE, after the
treatment with either COX inhibitor at detectable kevels (dam not shown). Untreatad or
untransdoced MDA MB 231 cells faikd t stimubae allogenaic T cells in the absence of
PHA iFig. 3B). However. T cells were stimularad to prolifzrate when co-cultured with
B7-1 expressing. indomethacin reated tumor cells m the presence of PHA. In contrast
there »as no thymidine incorporaticn by T cells co<ultred with ethanol wreated or NS398
treated. B7-1 expressing MDA MB 231 cells or with onmodified MDA MB 231 celk m

PHA contnining medium (Fig. 3By These resuls mdicate that the inhibytion of COX by

indomethacin resteres T cell proliferation although this effect was observed only in the

preseace of PHA.

PGE. production by breast carcinoma cells.

PGE-. a known modulztor of T cell prohiferation (30, 31+ has been shown to be prodoced
by some breast carcinomas (16). We measured PGE; production by normal breast
epithelium and by the breast cancer cell lines used in this study. We found that eight of =n
cell lines produced PGE- at leveks detectable by ELISA assay (Table 2). Interestingty.
MCF-7 cells produced rlanvely low levels of PGE: (40 pg/ml) when compared w0
SUMIG0PT or SUMI49PT cells which produce iz excess of 1000 pg/ml PGE.. With the
excepdion of HBL-100. all of dhe cell lines ot praduced PGE; also inhibited e

profiferation of PHA sumulatad MN cells althouzh therz was no correlzzion between e
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amount of secretzd PGE- and the inhibitory capacity. In addition. BT-20 CM had a
significant inhibitory =fect although it did not producs detectable levels of PGE). Taken
together. these results suggsst that PGE, may play an mpertant role in the inhibition of a
proliferative respense of bymphocytes, although this does not exclude the contribution of

other factors to this process.

Breast cancer derived PGE; inhibits not only a mitogenic lymphocyte
response but also B7-1 induced T cell proliferation.

As mentioned above. mdomethacin did not compktely elimmate PGE: and is expected to
have reduced the kevek of other prostaglandins in the CM.  For example. PGF,q is also
present in similar amcents in MCF-7 CM. although enlike PGE:, addition of PGF,q does
not inhibit M\ cell profiferation «data not shown). Therefore. we sought to remove PGE,
more effectively froe MCF-7 CM and determined whether PGE: alone was responsible for
the inhibitory effact We used an immunoaffinity colomn that specifically eliminates up to
10 ng PGE; (62 fold more than the loaded amount in the CM). MCF-7 CM passed through
this immunoaffinity coturm completely lost its inhibzory effect on MN proliferation at all
dilutions tested -Fig. 2A). These results indicate that breast cancer derived PGE, blocks
mitogenic lymphocytz respoases.

The effect of PGE- cu mitogemic Ivmphocyte respcases has beea reportad before (29, 10),
whereas the effzct of PGE- oa B7-1 dependent T c=il profiferation has not been studied in
great detail. Therefore. we sought to investigate the roke of PGE; on immune responses in
a more defined system where there is no endogencus soarce of PGE: and B7-1. When
MCF-7 CM was add=d w T cells co-cutiured with B7-1 expressing melanoma cells the
proliferation of T cels was completely inhibited (F1z. 4B. diamond). As shown in Fig.
4B. the depletica of PGE: frem MCF-7 CM abregated the proliferation of T cells in the

presence of PHA ciiei. aher=as the addition of 2xogerces PGE: to MCF-7 CM blocked
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thymidine uptake of stimulated T cells (triangle). These data indicate that PGE, plays an

important role in the inhibition of B7-1 induced T cell proliferation.

Melanoma cells transduced to produce PGE; block B7-1 dependent T cell
proliferation

To support the hypothesis that tumor cells block B7-1 dependent T cell mediated immune
responses through the production of PGE;, we generated PGE, producing and B7-1
positive melanoma WM cells by transduction with AdCOX-1 and AdhB7-1. Proliferation
assays using T cells co-cultured with WM9 cells modified to express B7-1 and to produce
PGE, were performed. T cells were stimulated to proliferate by the co-culture with B7-1
expressing WM9 cells in the absence or presence of PHA (Fig 5). However, the
proliferation of T cells was inhibited when incubated with WM9 cells transduced to express
B7-1 and COX-1. There was a four fold increase of PGE, in the five days supernatant of T
cells co-cultured with B7-1, COX-1 expressing WM cells (538 pg/ml) as compared to‘ the
supernatant from T cells co-cultured with B7-1 expressing WM cells. The allogeneic T
cell response of B7-1 expressing WM cells was completely restored by the co-culture of T
cells with WMO cells transduced with a mixture of AdhB7-1 and AdBgl2. These results
clearly indicate that the expression of COX-1 and the resulting production of PGE; by

WMO cells inhibits B7-1 induced T cell proliferation.
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antibody used were large excess of that needed to neutralize the effects of TGFp in a

sensitive TGFB-responsive luciferase reporter assay.

In contrast, PGE, was shown to be a more important contributor to the T cell inhibitory
effect of breast cancer CM. Several lines of evidence support this conclusion.
Indomethacin treatment of MCF-7 cells reduced PGE, production and partially alleviated
inhibition of MN cell proliferation. Indomethacin did not completely remove the inhibitory
effect which is consistent with the presence of residual PGE; that could be detected by LC-
MS. In the presence of PHA B7-1 expressing MDA MB 231 cells stimulated T cells to
proliferate when the modified tumor cells were treated with indomethacin prior co-culture.
More conclusive evidence for the involvement of PGE; in T cell growth inhibition was
obtained when we removed PGE, from CM using an affinity column that specifically binds
PGE,. The selective elimination of PGE, from MCF-7 CM removed its MN cell growth
inhibitory activity completely. Thus, inhibition of MN cell proliferation is mediated, at
least in large part, by PGE, produced by MCF-7 cells. Furthermore, PGE, was detected in
CM from additional breast cancer cell lines that also inhibited MN cell proliferation. The
amount of PGE;, production did not linearly correlate with inhibition of the proliferation of
stimulated MN cells (Table 2). CM from the normal human breast epithelial cell line HBL-
100 produced significant levels of PGE, (more than MCF-7) but did significantly suppress
MN cell proliferation. Similarly, the CM from two cell lines (SUMI49PT and
SUM190PT) that produced the most PGE, showed only moderate inhibition of MN cell
proliferation (Table 2). Although the minimal amount of PGE; needed to inhibit T cell
proliferation has not been established, it appears likely that other factors in the breast cancer
CM likely contribute to the effect. In support of this is the observation that BT-20 cells did
not produce significant amounts of PGE, but inhibited PHA-dependent proliferation of MN
cells by 41% (Table 2). This suggests that other tumor derived factors may induce

immunosuppression as previously reported (45, 46). Nevertheless, seven of nine breast
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cancer cell lines produced PGE,, and all inhibited the proliferative response of MN cells to
PHA. This, accompanied by the PGE, depletion data, suggests that PGE, contributes to
tumor det:ved immunosuppression, although it is likely not the sole factor. Several reports
support a rok of PGE: in diseases with impaired immunological responses including bone
marrow and stem cell transplantation (Cayeux SJ, Dorken B, 1993 Bone Marrow
Transplant12) and AIDS (Mastino A, 1993 Cell Immunol 152; Dellemare FG 1995 AIDS
9).

The mechanism(s) by which PGE, affects MN or T cell proliferation are as yet fully
understood. Intracellularly, PGE, was found to attenuate p59fyn phosphorylation and its
kinase acuvity. thus suppressing T cell proliferation during burn and sepsis (Choudhry MA
1998 J Immun 160. 2. p929). Both suppression of lymphokine production (33, 34) and
downregulation of MHC class II expression on antigen presenting cells (30, 31) by PGE,
have been demonstrated. PGE, inhibits IL-2 production and enhances IL-4 production by
T cell. thus shifting a T helper cell 1 response towards a T helper cell 2 response (Katamura
K 1993, J Immunol 155). Recently, small cell lung cancer-derived PGE, was found to up-
regulaiz IL-10 production by lymphocytes and to down-regulate IL-12 production by
macrophaces (47). whereas in our study pure T cell cultures were used to investigate the
effect of breast cancer derived PGE,. Furthermore, the expression of CD40L on human
memorv T cells was blocked by PGE, (Splawski JB, J Immun 96). These studies suggest
that PGE—dependent inhibition of T cell-mediated anti-tumor responses simultaneously
affects antigen presentation and shifts the local cytokine milieu to a state unfavorable to an

effective immune response (47).

The significance of tumor-derived PGE, to inhibition of cells of the immune system, e.g.,
natural kilter cells is highlighted by recent reports demonstrating therapeutic efficacy in the

prevenicn and treatment of breast cancer by non-steroidal anti-inflammatory drugs
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(NSAID) including indomethacin itself (27). Importantly, indomethacin reduces PGE,
production by inhibiting the enzymatic activity of the COX-1 and COX-2 which are rate-
limiting enzymes in the PGE, biosynthetic pathway. Indomethacin has also demonstrated
efficacy in the treatment of mouse mammary carcinoma cells. Mice injected with mammary
adenocarcinoma C3-L5 cells received long-term indomethacin therapy on day 15 followed
by two rounds of IL-2 administration for five days. Regression of primary tumors,
reduction of lung metastases and prolonged survival were observed in the group receiving
the combination therapy as opposed to the group receiving IL-2 treatment alone.
Furthermore, the long-term intake of indomethacin in combination with IL-2 was shown to
activate tumoricidal lymphocytes in situ (27). Here we show that a combination strategy of
B7-1 transfer onto breast cancer cells along with indomethacin treatment activated the

proliferation of T cells in vitro.

B7-1 immunotherapy has been reported to be effective in immunogenic tumors (Chen L J
Ex ed 94). Tumor cells are generally termed “immunogenic” when they express antigens
that result in the rejection of tumor cells by syngeneic animals previously immunized with
the irradiated parental tumor cells (Chen L J Ex Med 94). Accordingly, non-immunogenic
tumors are rejected when similarly tested. However, there is no consensus about the
parameters that render tumor cells more or less immunogenic. Breast cancer cells are
known as non-immunogenic tumors and thus escape immune surveillance. Here, B7-1
immunotherapy was not successful in vitro in stimulating T cell proliferation. The majority
of non-immunogenic breast cancer cell lines produce PGE,. We were able to show that the
production of PGE; specifically inhibited B7-1 induced T cell proliferation. First, B7-1
expressing MDA MB 231 cells did not secrete PGE; at detectable levels after indoemthacin
treatment and stimulated T cells to proliferate when PHA was present. Second, the
elimination of PGE, from MCF-7 CM restored the response of T cells to B7-1 expressing

melanoma cells only in the presence of PHA indicating that the inhibition by PGE, can only
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be overcome when a strong signal through the T cell receptor is provided. Finaliy. m the
melanoma system the scle modification of co<xpression of COX-1 on B7-1 expressing
WM9 cells was sufficient to inhibit T cell proliferation. These results underfine the
potential of a combined modification of breast cancer cells consisting of B7-lexpression

and reduction of PGE; in order to induce T cell proliferation.

In summary, this study provides evidence that PGE; derived from human breast cancer
cells can contribute to inhibttion of cellular immuniry m vitro. Since levels of PGE: are
elevated in at least some breast cancers (48. 491. the prodoction of PGE: may connrfmtc 0
the impaired anti-tumor immune response. Rzversal of tumor-induced immunosuppression
offers a potential approach to cancer therapy and mav be particularly useful in combmition

with immunotherapy acainst breast cancer.
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Table 1. ["H]Thymidine uptake (cpm) and relative proliferation of human T cells cultured
with B7-1 expressing MCF-7 cells or with B7-1 expressing WM-9 cells. Purified T cells
were co-cultured with untransduced, AdB7-1 transduced or AdlacZ transduced tumor cells.
Their proliferation is expressed relative that of T cells in the absence of tumor cells as
indicated by SI. *H]Thymidine incorporation (mean cpm) and standard deviation (sd)
were obtained from quadruplicates. B7-1 expressing MCF-7 cells failed to stimulate T cell

proliferation.

Table 2. PGE; levels and inhibition of PHA stimulated MN cell proliferation by CM from
a normal human breast epithelial cell line (HBL-100) and human breast carcinoma cell lines

(all others).

Fig. 1. [3H]Thymidine uptake (cpm) of MN cells stimulated with (A) PHA or (B)
PMA/ionomycin after the addition of MCI;‘-7 CM. Data were obtained as the mean of
quadruplicates and error bars represent the standard deviation. MCF-7 CM inhibited the

proliferation of stimulated MN cells.

Fig. 2. The effect of MCF-7 CM on the proliferation (thymidine uptake in cpm) of PHA
stimulated MN cells after incubation with a pan-specific TGFB neutralizing antibody (100
pg/ml to 2.5 ng/ml). Data were obtained as the mean of quadruplicates and error bars
represent the standard deviation. TGFp did not account for the inhibitory effect of the

MCF-7 CM.

Fig. 3. Indomethacin treatment of breast cancer cells restores the proliferation of
lymphocytes. Data were obtained as the mean of quadruplicates and error bars represent
the standard deviation. (A) [3H]Thymidine incorporation by MN cells stimulated with

PMA/ionomycin in the presence of absence of CM from MCEF-7 cells treated with
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indomethacin.  Indomethacin treatment of MCF-7 cells partially alleviated the
immunosuppressive effect of MCF-7 CM. (B) [3H]Thymidine incorporation by T cells co-
cultured with B7-1 expressing MDA MB 231 cells after the treatment with indomethacin,
NS 398 or ethanol. In the presence of PHA indomethacin treatment of B7-1 expressing

MDA MB 231 cells abrogated T cell proliferation.

Fig. 4. Breast cancer derived inhibits a mitogenic response of lymphocytes (A) and B7-1
induced T cell proliferation (B). Data were obtained as the mean of quadruplicates and
error bars represent the standard deviation. (A) [3H]thymidine incorporation by MN cells
(square), by MN cells stimulated with PMA/ionomycin (diamond), by PMA/ionomycin
stimulated MN cells incubated with MCF-7 CM (circle) and by PMA/ionomycin stimulated
MN cells incubated with PGE,-depleted MCF-7 CM (triangle). MCF-7 CM inhibited the
mitogenic response of MN cells. The inhibitory effect of MCF-7 CM was completely
alleviated when PGE, was eliminated via PGE, affinity column. ' (B) [3H]thyrnidine
incorporation by T cells co-cultured with B7-1 expressing WM cells after the addition of
MCF-7 CM (diamond), PGE, depleted MCF-7 CM (circle) and MCF-7 CM previously
depleted of PGE, with exogenous PGE, (triangle). In the presence of PHA the
proliferation of T cells co-cultured with B7-1 expressing WM9 cells and PHA was
inhibited in the presence of MCF-7 CM or in the presence of MCF-7 CM that had been
depleted from PGE, and substituted with exogenous PGE,. The proliferation of T cells in

response to B7-1 expressing WM cells and PHA was restored when PGE, depleted MCF-
7 CM was added.

Fig. 5. [3H]Thymidine incorporation by T cells co-cultured with WMO cells co-expressing
COX-1 and B7-1. Data were obtained as the mean of quadruplicates and error bars
represent the standard deviation. The proliferation of T cells in response to B7-1

expressing WM cells was inhibited by the co-expression of COX-1 on the tumor cells.
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Tumor ceils T cells cpm sd Si
MCF-7 - 39 7 /
+ 55 8 0.3
MCF-7/B7-1 - 48 6 /
+ 551 169 0.9
MCF-7/lacZ - 37 7 /
+ 43 6 0.1
WM9 - 25 4 /
+ 1287 109 24
WM9/B7-1 - 32 6 /
+ 68374 11736 1340
WM9/lacZ - 291 55 /
+ 300 236 0.2
T cells alone 51 6 /

human cell line % inhibition of | PGE, production
PHA stimulated (pg/ml)
MN cells
HBL-100* 5% 100
(breast epithelial)
BT-20 41% 0
MCE-10 99% 300
MCF-7 97% 40
BT-474 96% 40
MDA-MB 231 90% 260
SUMS2PE 66% 30
SUMI149PT 56% >1000
SUMI85PE 4% 0
SUM190PT 51% >1000
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